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(57) ABSTRACT

In a data processing system which runs a plurality of operat-
ing systems, a channel device can be shared by the plurality of
operating systems. In addition, a channel device which sup-
ports port multiplexing can also be shared by a plurality of
operating systems. The channel device includes a plurality of
IDs each indicating that the channel device 1s a medium for
performing input/output processing, and an input/output pro-
cessing controller for assigning one operating system to each
of the IDs, and controlling a data transfer independently for
cach ID to control a plurality of data transfers. Further, 1n a
channel device which has a plurality of ports, an input/output
processing controller 1s provided for assigning an operating
system to each of the ports, and transferring data indepen-
dently for each port to control the plurality of ports.
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DATA PROCESSING SYSTEM RUNNING ON
A PLURALITY OF OPERATING SYSTEMS
(OS) AND ENABLING A CHANNEL DEVICE
TO SIMULTANEOUSLY PERFORM

PROCESSING ASSOCIATED WITH THE
PLURALITY OF OPERATING SYSTEMS

This application 1s a continuation application of U.S. Ser.
No. 11/025,916, filed Jan. 3, 2005, the entirety of which 1s
incorporated herein by reference.

INCORPORATION BY REFERENC.

(L]

The present application claims priority from Japanese
application JP2004-0025777 filed on Jan. 8, 2004, the content

of which 1s hereby incorporated by reference 1nto this appli-
cation.

BACKGROUND OF THE INVENTION

The present 1invention relates to a data processing system
which transfers data, and more particularly, to a data process-
ing system which runs a plurality of operating systems (OS)
thereon, and enables a channel device to simultaneously per-
form processing associated with the plurality of operating
systems.

Conventionally, a main frame has supported an LPAR
(Logical Partition) function for running a plurality of operat-
ing systems on one system under a control program.

Inrecent years, the LPAR function 1s supported not only by
main frames but also by open servers. For supporting the
LPAR function in an open server, a plurality of operating
systems are required to share one channel device, because of
a limitation in the number of slots which can be connected to
channel devices involved 1n 1nput/output processing. How-
ever, for a main frame which permits a plurality of operating
systems to share a channel device as mentioned above, chan-
nel devices supported by the main frame tend to conform to
specifications unique to the vendor of the main frame. There-
tore, the sharing of a channel device by a plurality of operat-
ing systems 1s ditficult for open servers which support chan-
nel devices conforming to the industry standard.

One of industry standard channel devices supported by
open servers as mentioned above 1s Fibre Channel which has
been developed by several vendors and conforms to a stan-
dard created by ANSI (American National Standards Insti-
tute). A protocol frequently used in Fiber Channel 1s FCP
(Fibre Channel Protocol) which supports an SCSI (Small
Computer System Interface) architecture. Since FCP does not
define data in a frame for identifying an LPAR number or an
operating system, difficulties are experienced 1n the sharing
of a channel device by a plurality of operating systems. Also,
for mserting a channel device, such as that conforming to
Fibre Channel, into a slot of an open server for connection to
a host processor 1n accordance with the industry standard, a
PCI (Peripheral Component Interchange) bus, laid out by
PCI-SIG, has been widely used 1n such a configuration. The
PCI bus generally includes a PCI configuration register for
one medium such as a channel device, and has only one
control register for controlling the medium. Thus, for the
foregoing reason, difficulties are also experienced in sharing
a channel device by a plurality of operating systems.

In opposition to the industry standard channel device as
described above, “FCP for the IBM eServer zSeries systems:
Access to distributed storage” (IBM J. Res. & Dev. 46, No.
4/5 487-502) describes an exemplary channel device which
can be shared by a plurality of operating systems. This chan-
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nel device merely has one WWPN or Worldwide unique Port
Name which 1s a channel device identifier associated with
Fibre Channel, and appears as one port in a Fibre Channel
network. While this limitation permits the channel device to
be shared by a plurality of operating systems, only one oper-
ating system 1s allowed to access one Fibre Channel device
identified by LUN (Logical Unit Number) at a certain arbi-
trary time. Also, the channel device 1s not mserted 1nto a slot
of the PCI bus, but into a bus slot of a server, which conforms
to the specifications unique to the vendor of the server.

Further, 1n recent years, port multiplexing has been devel-
oped for connecting a plurality of ports to a single slot in order
to effectively utilize slots of a server. However, the atoremen-
tioned prior art technique 1s not directed to a channel device
which implements the port multiplexing.

SUMMARY OF THE INVENTION

The prior art technique described above has a limitation 1n
that even 11 a plurality of operating systems can share a single
channel device, only one operating system 1s allowed to
access one Fibre Channel device identified by LUN at a
certain arbitrary time. In addition, the Fibre Channel device 1s
not inserted 1nto a bus slot conforming to standard specifica-
tions such as the PCI bus supported by the open servers.

Specifically, a first challenge 1s to allow a plurality of
operating systems to access a single Fibre Channel device
identified by LUN at a certain arbitrary time. A second chal-
lenge 1s to also support buses conforming to standard speci-
fications such as PCI, and to allow a plurality of operating
systems to share one channel device. Further, a third chal-
lenge 1s to permit a plurality of operating systems to share a
channel device which has a plurality of ports connected to a
single slot, accomplished by the port multiplexing for effec-
tively utilizing slots of a server.

A channel device according to the present imvention
includes a plurality of identifiers or ID each for indicating that
the channel device 1s a physical medium for performing input/
output processing, and input/output control means for assign-
ing an operating system to each of the identifiers, controlling
the transmission and reception of data independently for each
of the 1dentifiers, and controlling the transmission and recep-
tion of a plurality of the data.

The channel device also includes a plurality of control
registers which can be read and written by the operating
systems such that the operating systems can control the chan-
nel device mm order to perform input/output processing
between the operating systems and the channel device, and
also includes means for assigning each of the control registers
to one operating system.

Further, a channel device, which has a plurality of ports for
transmitting/recerving data, includes input/output processing,
control means for assigning one operating system to each of
the ports to control the plurality of ports.

The present invention provides a channel device which can
simultaneously execute I/O processing from a plurality of
operating systems.

The present mvention also provides a port-multiplexed
channel device which can be shared by a plurality of operat-
Ing systems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating the configuration of a
data processing system to which one embodiment of the
present invention 1s applied;
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FIG. 2 1s a block diagram 1illustrating an exemplary con-
figuration of the data processing system:;

FI1G. 3 1s a block diagram 1llustrating the configuration of a
channel control register 1n a channel device;

FI1G. 4 1s a diagram showing a memory request format;

FIG. 5 15 a block diagram 1llustrating data information for
I/O processing used 1n the first embodiment of the present
invention;

FIG. 6 1s a block diagram 1llustrating the configuration of a
data processing system to which one embodiment of the
present invention 1s applied;

FIG. 7 1s a table showing a correspondence of channel
device numbers to numbers of LPARs which use channel
devices;

FIG. 8 15 a table showing a correspondence among a chan-
nel number register, a data transier builer number, an LPAR
number, and an arbitrated loop-physical address (AL-PA);

FI1G. 9 1s a table showing a correspondence of a target ID to
destination WWPN7#: and

FIG. 10 1s a table showing a correspondence among the
target 1D, destination WWPN#, and AL-PA.

DESCRIPTION OF THE EMBODIMENTS

In the following, one embodiment of the present invention
will be described with reference to the accompanying draw-
Ings.

FIG. 2 illustrates an exemplary configuration of a data
processing system. A memory access control chip 203 mainly
controls accesses to a main storage (MS) 200 from processors
204, 205 or achannel device 206. The memory access control
chip 203 and channel device 206 are interconnected through
a PCI bus, while the memory access control chip 203 and
processors 204, 205 are interconnected through a host bus
conforming to the specifications umque to the system. The
channel device 206 has one port which 1s connected to an I/O
device 208 through a hub 207. The data processing system,
which supports the LPAR function, assigns 2 MB of the main
storage 200 to each LPAR, such that an operating system on
cach LPAR uses the assigned 2 MB of memory for operations.

FIG. 1 1llustrates one embodiment of the present invention
which demonstrates features of the invention. Described in
this embodiment 1s the sharing of one channel device by two
operating systems.

A channel device 100 1n the data processing system 1llus-
trated 1n FI1G. 1 conforms to the Fibre Channel protocol (FCP)
which supports the SCSI architecture. An interface on a link
as Fibre Channel 1s a standard interface FC-AL (Fibre Chan-
nel-Arbitrated Loop) which performs 1/0 processing through
a hub connection.

In the data processing system illustrated in FIG. 1, two
LPARs, LPAR#1, LPAR/#2 are initiated under the control of

an LPAR control program 109, and OS1 runs on LPAR#1,
while OS2 runs on LPAR#2. The channel device 100 com-
prises two data transfer butters 1 (101), 2 (102), each of which
comprises a data buffer for write or read data, a command
buffer for SCSI commands, and a response builer for a
response frame to a SCSI command, and has a sufficient
butler capacity required for the transier buifer to transier data

in I/O processing. The channel device 100 also comprises two
channel device identifiers WWPN#1 (for example, 0x100)

and WWPN#2 (for example, 0x200), each indicative of a
Fibre Channel device which performs imput/output process-
ng.

An mput/output processing controller 106 controls a plu-
rality of data transter processing. The input/output processing,
controller 106 controls the channel device 100 to use the data
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transfer buffer 1 (101) for the channel device identifier
WWPN#1 and to use the data transfer buflfer 2 (102) for the
channel device i1dentifier WWPN#2, and also controls the
FCP protocol for data transfer. The input/output processing
controller 106 further controls memory access processing for
the plurality of data transier buflers. FIG. 4 shows an exem-
plary memory request format. A data size 401 indicates the
length (bytes) of data which 1s to be stored or fetched. Upon
memory request for each data transfer bufier, which may
involve a data butfering command, a SCSI command and the
like 1n the memory access processing, a DMA (Direct
Memory Access ) address 1s set 1in a data address 403. Memory
access mnformation 404 indicates whether a request 1s made to
the data transier buffer 1 (101) or data transfer buffer 2 (102).
The input/output processing controller 106 sets the memory
access information 404 to “1” when a request 1s made for the
data transier buffer1 (101), and to “2” when a request 1s made
for the data transfer butier 2 (102). For a store request, data to
be stored 1s added to data 405. A memory access control
circuit 105 1n the channel device logically realizes that when
the memory access information 404 indicates a memory
request represented by “1,” data associated with the memory
request returns to the data transfer bufler 1 (101), and logi-
cally realizes that when the memory access information 404
indicates a memory request represented by “2.” data associ-
ated with the memory request returns to the data transfer
butifer 2 (102).

The channel device 1s connected to the host system through
the PCI bus. Here, the memory access control circuit 105
converts the memory request ito a PCI bus specification
format for making a memory access.

A channel control register 300 includes a PCI configura-
tion register 301 which 1s normally possessed by a device
connected to the PCI bus. The PCI configuration register 301
has a channel control register 1 (110) and a channel control
register 2 (111) for controlling the channel device. FIG. 3

illustrates the configuration of the channel control register
300. Here, WWPN#302 1n the channel control register 300

holds WWPN#1 (0x100) in the channel control register 1
(110), and holds WWPN#2 (0x200) 1n the channel control
register 2 (111). An I/O processing base address register 303
and an I/O processing enable register 304 will be described
later.

The LPAR control program 109 assigns the channel control
register to LPAR. A subroutine 1s provided for setting the
correspondence of LPAR numbers to channel devices
through manual operations or the like, such that a channel
device 1 canbeused from both LPAR#1 and LPAR#2, by way
of example. The data processing system, responsive to the
manual operations, creates a table shown 1n FIG. 7 for corre-
sponding channel devices to the numbers of LPARs which
use respective channel devices. In FIG. 7, the value “1” n
entries belonging to an LPAR number column indicates that
an associated LPAR 1s set to use an appropriate channel

device. FIG. 7 shows that the channel device 1 1s setto be used
by LPAR1 and LPAR2; a channel device 2 1s set to be used by

[LLPAR1; and a channel device 3 1s set to be used by LPAR2.
Assume that the channel device shown 1n the embodiment has
the channel device number 1. The LPAR control program 109
supports an algorithm which assigns LPARs labeled smaller
numbers to channel control registers labeled smaller num-
bers, and based on the table information shown 1n FIG. 7,
assigns the channel control register 1 (110) to LPAR#1; and
the channel control register 2 (111) to LPAR#2. When OS1 on
LPAR#1 performs a read or a write from or into the channel
control register of the channel device 1 using a function
defined by OS1, the LPAR control program 109 intercepts the
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function, and controls the function to executes a read or a
write from or into the channel control register 1 (110). Simi-
larly, when OS2 on LPAR#2 performs a read or a write from
or into the channel control register of the channel device 1
using a function defined by OS2, the LPAR control program

109 1intercepts the function and controls the function to
execute a read or a write from or into the channel control
register 2 (111). Under the control of the LPAR control pro-
gram 109, OS1 accesses the channel control register 1 (110)
alone for the channel device 1, while OS2 accesses the chan-
nel control register 2 (111) alone for the channel device 1,
such that a plurality of operating systems control the channel
device 1 independently of each other. With the foregoing
procedure, mput/output processing for OS1 appears to be
performed by the channel device of WWPN#1, while input/
output processing for OS2 appears to be performed by the
channel device of WWPN#2.

Other than the foregoing method which causes the LPAR
control program 109 to intercept the function defined by the
associated operating system, the LPAR control program 109
may inform the operating system of the number of an avail-
able channel control register, so that the operating system can
directly access the specified channel control register.

Next, descrlptlon will be made on link mitialize processing
I/O processing.

In the link mitialize processing, the channel device 100
acquires two AL-PAs (Arbitrated Loop-Physical address),

which serve as 1dentifiers of the channel devices when data 1s
transierred on a link, based on the FC-AL protocol. Assuming
herein that AL-PA:0x01 and AL-PA:0x02 are acquired as a
result of the link iitialize processing, the mput/output pro-
Cessmg controller 106 assigns AL-PA:0x01 to the data trans-
ter buifer 1 (101), and AL-PA:0x02 to the data transfer buifer
2 (102), and holds data indicative of the relationship between
the data transfer bulfers and AL-PAs. FIG. 8 shows a table
indicating the correspondence among the channel control
register, data transier buffer, LPAR number, and AL-PA. The
input/output processing controller 106 creates and holds this
table.

Subsequent to the link mitialize processing, the channel
device 100 performs log-in processing. Here, since two AL-
PAs have been acquired, the channel device 100 first executes
the log-in using AL-PA:0x01 to fetch information on an I/O
device connected on the Fibre Channel network. Next, the
channel device 100 fetches mformation on a connected /O
device 1n a similar manner using AL-PA:0x02. For example,
when an I/0 device 1s connected to the Fibre Channel network
at a port which 1s assigned AL-PA:0xce and WWPN#3 (for
example, 0x300), the channel device 100 fetches the mnfor-
mation such as the AL-PA of the destination port being Oxce,
the 1dentifier of the destination port being WWPN#3, and the
like through the successtul log-in with the ports of the I/O
devices respectively for AL-PA:0x01 and AL-PA:0x02 1n the
log-in processing. The input/output processing controller
holds the thus acquired information. The channel device 100
can execute I/O processing for the destination 1dentified by
AL-PA:0xce by the link mitialize processing and log-in pro-
cessing.

Next, the /O processing will be described. In the 1/O
processing, each operating system performs SCSI 1I/O pro-
cessing with a channel device based on a data structure shown
in FIG. 5. In FIG. 5, DA_AD 500 1s a 16-byte area, and
includes an 8-byte physical address indicative of a data area
510 comprised of BU_AD 503 and FLAG 504, and a 1-bat
R/W information byte indicative of read or write processing.
The R/W mnformation byte set at “0” indicates a read opera-
tion, and the R/W information byte set at “1” indicates a write
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operation. BU_AD 503 1n the data area comprises an 8-byte
area indicative of the starting address of a data buffer address
area 520, and FLAG 504 includes information indicative of
the validity of the data builer address area 520, information
indicating whether or not I/O processing has been normally
completed or ended up 1n error; error information indicative
of the type of an error when it occurs; and information indica-

tive of the number of segments 1n the data buil

er address area
520 comprised of a set of 8-byte segments: DB_ADs. The
head DB_AD0 of the segment indicates a SCSI command
area 501, and the remaining segments DB_AD1 onward 1ndi-
cate a data butier 507 for a write or a read.

For initiating the channel device in the I/O processing, after
the operating system has written the start address of DA_AD
500 1nto the I/O processing base address register 303 defined
in the channel control register, the operating system writes
“1” mto the IO processing enable register 304 to instruct the
channel device to start the I/O processing.

For performing the I/O processing, the operating system
sets physical addresses in DA_AD 300, BU_AD 303,
DB _ADO, and DB_AD1. In this embodiment, since there are
two segments 1 the data bulfer address area 520, 1.e.,
DB_ADO0 and DB_ADI1 are effective, the number of seg-
ments 1s set to two 1 FLA 504, and the 236-byte SCSI
command area 501 1s set at a location indicated by DB_ADQ
in the data buffer address area 520. The SCSI command area
501 also includes information such as a target ID indicative of
a destination port which performs the 1/0O processing, LUN
indicative of a Fibre Channel device which 1s subordinate to
that port, and the like, other than a SCSI command. In this
embodiment, the target ID 1s set to “0” for the destination port
WWPN#3 (0x300), and the user sets a table indicative of a
correspondence ol the target ID to WWPN# of the destination
port as shown 1n FIG. 9 before the system 1s mitiated. For
performing the I/O processing with the I/O device labeled
WWPN#3, the operating system specifies the destination
using the target 1D “0.” A 256-byte area following the 256-
byte SCSI command area 501 1s defined to be a response
information area 502 for storing a response frame to a SCSI
command. Also, the write data butfer 507 exists at a location
indicated by the address of DB_AD1. When the data buffer
507 1s made variable in length, the segment DB_AD may
include information indicative of the data length of the data
bulter 507. However, 1n this embodiment, the data buf

Ter has
a fixed length of 4 Kbytes, and the data length 1s not set in the
segment DB_AD for simplifying the description. The oper-
ating system sets a bit indicative of the validity of the data
builer address area in FLAG 504 to mitiate the 1/0O process-
ing. The following description will be made on the general
operation mvolved in the I/O processing.

For the I/O processing, OS1 sets the alorementioned data
information for the target ID equal to “0” and LUN equal to
“1,” and sets the start address of DA_AD 5000 1n the I/O
processing base address register 303 1n the channel control
register 1 (110) of the channel device using a write function
defined by OS1, and then writes “1” into the I/O processing
enable register 304. Here, as described above, the LPAR
control program 109 intercepts the write function defined by
OS1, and the LPAR control program 109 executes the write
function defined by OS1 to write into the I/O processing base
address register 303 and I/0 processing enable register in the
channel control register 1.

Upon recognition of the initiated I/0 processing from OS],
the input/output processing controller 106 in the channel
device 100 fetches DA_AD 3500, BU_AD 503, FLAG 504,
DB_ADO0 (505), and DB_AD1 (506) using the start address of
DA_DA 500 of the data information set in the I/O processing
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base address register 303 in the channel control register 1
(110), and fetches the SCSI command 501 from the fetched
data information. As a result of the fetch, the data of the SCSI
command 501 1s stored in the command bufier in the data
transter buffer 1 (101). The input/output processing control-
ler 106 uses AL-PA:0x01 for an origination ID. Also, from the
target ID “0,” the mput/output processing controller 106 uses
AL-PAL:Oxce for a recipient ID. FIG. 10 shows a correspon-
dence among the target 1D, WWPN#, AL-PA for a port of an
I/0 device 1n this embodiment. The mput/output processing
controller 106 retlects AL-PA:0x01 as the origination ID and
AL-PA:Oxce as the recipient ID to execute the generation of a
frame corresponding to the Fibre Channel protocol, and trans-
mission of the frame. Subsequent to the transmission of the
frame for the SCSI command, the input/output processing
controller 106 fetches write data pointed by DB_AD1 (506),
stores the data in the data bufler in the data transfer buffer
(101), and generates a frame for transmission 1n a manner
similar to the foregoing. The destination I/O device recerves
the frame at a port identified by AL-PA:0xce, writes the data
into a Fibre Channel device indicated by LUN 1n the frame,
and returns a response frame indicative of the completion of
the processing. The channel device 100 once receives the
response frame at a reception buffer 108. The mput/output
processing controller 106 decodes AL-PA:0x01, which 1s the
destination ID, within the response frame to receive the
response iframe in the response buller in the data transier
buffer 1 (101). The input/output processing controller 106
stores the received response frame 1n the SCSI command
response information area 502. After storing the response
frame, the mput/output processing controller 106 generates
an I/O interrupt indicative of the end of the I/O processing.
When an error occurs, the input/output processing controller
106 generates an 1/0 1nterrupt indicative of the end of the I/O
processing after setting error information 1n FLAG 504. OS1
terminates the I/O processing, which was 1mitiated for the
channel device 10, by recognizing the I/O interrupt. The
foregoing 1s the general operation from the link 1mitialization
to the end of the I/O processing 1n OS1. When the 1/0 1nitia-
tion 1s 1ssued from OS2, the input/output processing control-
ler 106 uses the data transfer butier 2 (102), and executes the
I/0 processing using AL-PA:0x02 for the origination ID 1n a
frame to be communicated. Since the channel device has two
each of data transter buffers and IDs, the channel device 1s
capable of simultaneously performing the I/O processing for
two operating systems, and can also execute the I/0 process-
ing for Fibre Channel devices having the same LUN from
OS1 and OS2 which are different operating systems.

An increased number of operating systems can be pro-
cessed simultaneously by increasing the number of 1dentifiers
for channel devices, and the number of the data transfer
butlers, and corresponding the memory access information
404 to the data transfer buffers.

FIG. 6 illustrates a data processing system which 1s
equipped with a multi-port channel device 600. The function
and operation of OS1, OS2, LPAR control program 609,
memory access control circuit 6035, data transfer buifer 1
(601), data transfer buifer 2 (602), and input/output process-
ing controller 606 are basically the same as those described 1n
connection with FIG. 1. The data processing system 1llus-

trated 1n FIG. 6 differs from the data processing system 1llus-
trated 1n FIG. 1 1n that the data transfer buffer 1 (601) 1s
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corresponded to a port 1 (611), such that a frame transmitted
from the data transier butier 1 (601) 1s transierred through a
port 1 (611) and a link 607, and response frames to read data
and SCSI command, recerved at the port1 (611), are recerved
in a data butler and aresponse butfer in the data transfer buifer

1 (601), respectively. Similarly, a frame transmitted from the
data transier buffer 2 (602) 1s transferred through a port 2
(612) and a link 608, such that response frames to read data
and SCSI command, recetved at a port 2 (612), are recerved 1n
a data buifer and a response buller in the data transfer butfer
2 (602).

When the LPAR numbers are corresponded to the channel
devices, the LPAR numbers are corresponded in umts of

ports. For example, LPAR#1 1s corresponded to the port 1
(611), while LPAR#2 1s corresponded to the port 2 (612).
From the thus set information, the LPAR control program 609
assigns the channel control register 1 (610) to LPAR#1, and
assigns the channel control register 2 (620) to LPAR#2. The
rest of processing 1s 1dentical to that described 1n connection
with FIG. 1. From the foregoing, a multi-port channel device
can also be shared by a plurality of operating systems.

While some embodiments according to the present inven-
tion have been described above, the present invention can
provide a channel device which can be shared by aplurality of
operating systems. Also, the present invention enables a chan-
nel device having multiple ports to be shared by a plurality of
operating systems.

It should be further understood by those skilled in the art
that although the foregoing description has been made on
embodiments of the invention, the invention 1s not limited
thereto and various changes and modifications may be made
without departing from the spirit of the mvention and the
scope of the appended claims.

The mvention claimed 1s:

1. A data processing system comprising;:

a central processing unit (CPU);

a main storage having instructions that, when executed on
the CPU, 1nstructs the CPU to operate a control system
controlling a plurality of operating systems executed by
the CPU:;

a single physical channel device transmitting data to and
receiving data from an mput/output device;

wherein said single physical channel device includes:

a plurality of physical ports for transmitting and receiv-
ing data, and

a plurality of storage butlers for transterring data fetched
from and stored in said main storage via Direct
Memory Access, each of the plurality of transter buitl-
ers corresponding to one of the plurality of physical
ports, respectively, and

wherein said control program includes: means for assign-
ing one of the operating systems to each of the plurality
of physical ports, and

wherein said single physical channel device 1s configured
to control each of the plurality of physical ports and
includes input/output processing control means for
independently controlling transmission and reception of
data for imput/output processing imtiated from a certain
operating system for each of the plurality of physical
ports to which the operating systems are assigned to
control said plurality of physical ports.
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